Abstract: Hypoglycemia has been reported to occur frequently among individuals with health-related occupations, especially hospital nurses. In this study, we investigated the risk factors of hypoglycemia.
INTRODUCITON
Hypoglycemia seems to occur frequently in health-related occupations, especially in hospital nurses'-5'. Several nurses visited us for consultation about hypoglycemic episodes during work. In most cases, as reported by others6' 7), symptoms commonly occurred even at normal glucose levels without biochemical hypoglycemia. In some of them, however, blood glucose levels during the episodes were associated with biochemical hypoglycemia.
The aims of the present study were threefold. First, we attempted to estimate the prevalence rates of hypoglycemic episodes among female workers. Second, we tried to evaluate daily blood glucose changes in the symptomatic and symptom-free groups. Third, statistical analyses were conducted to identify contributory factors for hypoglycemic symptoms. Our results clearly demonstrate that biochemical hypoglycemia frequently occurs among female workers and is associated with lower daily blood glucose levels. In addition, symptomatic individuals proved to have unique risk factors.
SUBJECTS AND METHODS

Subjects
The participants in the study were all females, including hospital nurses, civil service workers, public nurses, and teachers in the prefectures of Ooita, Yamaguchi, Ishikawa, Akita, Miyagi, and Hokkaido. The study was conducted from April 1, 1994 to May 31, 1995. All participants were given an opportunity to take an annual health examination, unless they waived this right of their own free will. The health examination covers clinical questions, including height, body weight, blood pressure, serum hepatic enzymes, serum lipids (free fatty acids, triglyceride, total cholesterol), urine analyses, fasting blood glucose concentration, electrocardiograms, and plain chest X rays.
Questionnaires
We mailed self-administered questionnaires to hospital nurses and other workers. Factors included in the questionnaire were, past history of major diseases, physical parameters, outcome of the health examinations in recent years from 1991 to 1994 or 1995, family history, current use of drugs or other pharmaceuticals, current smoking and drinking habits, current preference for food and taste, current restriction of nutrients, current exercise habits. In the questionnaire, we also asked whether the participant had experienced episodes of hypoglycemia. If she had experienced an episode, she was asked further to report on the symptoms and blood ENDEMIC TO FEMALE WORKERS 337 glucose levels during these episodes, if possible. The missing information, values, or logical contradictions were obtained from participants through telephone interviews or by mail whenever possible.
Blood glucose monitoring among volunteers We randomly recruited individuals, in Yamaguchi, Ishikawa, and Akita from among the study population. All of the applicants, 31 persons in total, determined their blood glucose concentrations to cover two days in a schedule similar to that reported previously.
In brief, workers who worked in shifts, mostly hospital nurses, determined their blood glucose levels over a 6-day period: a two-day period each for the dayshift, nightshift, and midnightshift. On the other hand, workers who did not work in shifts, determined their blood glucose levels for a single twoday period. Blood glucose readings were obtained at the start of work, just before meals, two hours after meals, and at the end of the work. The number of determinations ranged from 8 to 24 times per person. All participants used the same self-monitoring devices (TIDE", Miles Sankyo, Tokyo Japan) which we provided after pre-checking, and calibrating them in our laboratory. Various blood glucose concentrations were prepared by leaving the blood at room temperature over various time periods. Blood glucose concentrations were determined by monitoring devices and biochemically by the hexokinase method (Fig. 1) . The interassay and intraassay coefficients of variation were 5.7% and 2.8%, respectively , indicating that the values obtained by these devices were clinically accurate even in the hypoglycemic range.
The participants were requested to record blood glucose readings, as well as symptoms during each measurement.
We instructed participants on how to handle the devices through face-to-face consultations in order to minimize handling errors. They were also requested to describe their meals, and daily eating habits.
Informed consent
The study was approved by worker's committees in individual hospitals or by the labor unions to which the participants belong . All participants were fully informed of the purpose of the study.
A consent form was obtained from each participant.
Statistics
We employed logistic analyses to identify contributory factors to hypoglycemic episodes in the symptomatic population.
Family history was taken into account by adding the number of cases in an individual's family and by weighing the coefficients of relationships'.
In the past histories of the participants , 217 different diseases were recorded and classified into 36 major categories according to the International Classification of Disease (World Health Organization: 1990) . In conducting drug analyses, we classified 260 drugs into eight groups according to their clinical use. Logistic analyses were conducted using SAS softwares10j at the computer center at Kyoto University.
Means were compared via an analysis of variance (ANOVA) in StatView'° (Abacus Concepts Inc. Berkeley CA, USA) . We employed Scheffe's test as a post hoc test to compare groups when the ANOVA results were significant"'.
Frequency data were compared among groups using a x' test, when indicated. The comparison was carried out by StatView®. In this study a p value of less than 5 percent was considered to be significant . Some of these cases were excluded from the investigation because of refusal (n = 21) , or insufficient data (n = 436), a history of diabetes mellitus or current diabetes mellitus (n = 17), or suspected insulinoma (n = 2). A total of 427 (13.8%) hospital nurses and 49 (6.2%) other workers were excluded.
RESULTS
Their physiological characteristics are shown in Table 2 . Attendance at annual health examinations was high among both hospital nurses and other workers.
The rates of abnormal findings were not significantly different within the same age category, but rather differed from one category to another (x2 test, p < 0.01).
Hypoglycemia episodes were experienced by 31.1% (832/2675) of all hospital nurses, and by 12.7% of other workers (94/740). Of these cases, 84.0% of hospital nurses and 63.8% of other workers had such episodes after starting their current careers.
The prevalence of hypoglycemic episodes before starting work was not different for hospital nurses and other workers.
Statistical analyses showed that this prevalence did not differ according to workplace (x2 test, p > 0.05).
Of the 926 female workers who had experienced hypoglycemic episodes, 141 participants, exclusively hospital nurses, had measured their blood glucose values during these hypoglycemic episodes. Because it has been reported that some blood glucose monitoring devices are not accurate, especially within hypoglycemic ranges12', we asked nurses individually about the type of monitoring device used and the time during which they took measurement . At the same time, we evalu- Table 1 . Number of participants, study population and refusals or missing or excluded among hospital nurses and other workers. ated the accuracy of the 11 monitoring devices reportedly used by those nurses and found that seven of these were clinically accurate in detecting hypoglycemia of less than 60 mg/dl. We counted as reliable only those who had determined blood glucose levels during episodes within a year of this research. We finally confirmed 87 readings from 87 cases as reliable. In these 87 cases, 52 only had symptoms when their blood glucose levels were more than or equal to 60 mg/dl, while 35 had symptoms even when their glucose levels were less than 60 mg/dl (Table 3) .
Of 3,415 workers, 207 reported episodes within the year, experiencing more than one a month (symptomatic group) while 2,489 workers reported that they had never had hypoglycemic episodes before (symptom-free group). We next recruited applicants from these two populations. A total of 31 volunteers, 21 from the symptomatic group and 10 from the symptom-free group, joined the blood glucose monitoring program. The results of this determination are summarized in Table  4 . Blood glucose levels of less than 60 mg/dl in the peripheral venous blood are widely accepted being within the hypoglycemic range, which is associated with the first detectable rise in counter-regulatory hormone'3'. We thus considered these blood glucose levels (< 60 mg/dl) as indicating biochemical hypoglycemia. Nine out of the 21 volunteers from the group of symptomatic cases had biochemical hypoglycemia, while none out of 10 volunteers from the symptom-free group had it. The incidence of hypoglycemia spells was significantly higher in the symptomatic group than in symptom-free group (p < 0.01, Fisher's exact test). The workers who had taken biochemical hypoglycemic reading(s) had lower mean and minimum blood glucose readings than other groups during the monitoring period (Fig. 2) .
We applied logistic analyses to identify contributory factors for biochemical hypoglycemia (Table 5) . Nineteen factors were identified as being significantly associated with biochemical hypoglycemia.
These are summarized in Table 5 . Although age and body mass index (B.M.I.) have been reported to be associated with hypoglycemia'4 '~', over results indicate that age (per 10 years) and B.M.I. are not associated with episodes of hypoglycemia.
To evaluate the confounding effects among these 19 factors, relative risks were incorporated simultaneously by Means and SD (bars) are shown: A for symptom-free workers, B for symptomatic workers without hypoglycemic readings, and C for symptomatic workers with hypoglycemic reading(s).
In day-shift, 10 workers for the symptom-free group, 12 for the symptomatic group without hypoglycemic readings, and 9 for the symptomatic group with hypoglycemic reading(s) joined the study.
In night-shift and midnight-shift, workers exclusively nurses, joined the monitoring program: 5 for symptom-free group, 10 symptomatic without hypoglycemic readings, and 9 symptoms with hypoglycemic reading(s).
One-way ANOVA was conducted in all three groups at each point, and Scheffe's test were conducted when the ANOVA results was significant at p < 0.05. using a multiple logistic equation (Table 6 ). Occupation, history and glucosuria, eating snacks, eating deserts, and insomnia remained factors after the confounding effects were adjusted.
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DISCUSSION
The importance of a careful interpretation of any self report in clinical research is well known. The major determinant of variance that could be accounted for in hypoglycemic episodes is associated with personality16-19', which was demonstrated as affecting self-reported hypoglycemic symptoms and awareness of hypoglycemia20'. In addition, the patient's self-reporting on questionnaires is often considered an unreliable means of detecting hypoglycemia2U.
Therefore, many for episodes of hypoglycemia in physicians are skeptical of the clinical importance of hypoglycemia6'. Recently, however, several reports have acknowledged the usefulness of subjective symptoms in predicting hypoglycemic spells" '3'. Thus, hypoglycemia has become a hot issue. We found a large number of risk factors associated with hypoglycemia. A wide variety of diverse risk factors, however, could be reduced to a small number of factors after multiple logistic analyses were conducted, indicating that these multiple factors are interrelated. In contrast, extracted risk factors, occupation, history of hypotension and glucosuria, eating snacks, eating deserts, and insomnia, were considered to be substantially associated with hypoglycemia. It is of interest that some of these (exclude insomnia) have been linked to biochemical hypoglycemia. As expected, being a nurse, which has been reported to be associated with hypoglycemia'-5~, is a contributory factor. Eating deserts and snacks suggests postprandial hypoglycemia24'. Hypotension may decrease cerebral blood flow and thereby elicit hypoglycemic symptoms as caffeine intake does25~. Glucosuria may indicate an early stage of glucose intolerance accompanied by hyperinsulinemia, which eventually induces hypoglycemia26~. Insomnia, however, remains unexplained. In any case, such risk factors appear to work in concert to induce hypoglycemia in nurses.
As reported in the questionnaires, 35 out of 87 nurses (40%), were suspected of having experienced biochemical hypoglycemia. Nine out of 21(43%) randomly recruited volunteers from the symptomatic group were found to have biochemical hypoglycemia. In addition, it is noteworthy that nine volunteers had significantly lower mean and minimum of blood glucose levels than other groups. Such evidence suggests that there are hypoglycemic-prone individuals among those in the symptomatic group. Given that such hypoglycemic-prone individuals exit, all hypoglycemic episodes cannot be fictitious as reported by another study'', and, furthermore, cannot simply be explained by personality16-19~.
Finally, the physiological morbidity of episodes of hypoglycemia is largely limited to neurological or psychological factors. However, it should be stressed that even mild hypoglycemia (65-47 mg/dl) disrupts driving skills by impairing the cognitive function28'. Thus episodes of even mild hypoglycemia may result or trigger errors in judgment at work. This matter has not yet been studied.
